CHAPTER 3

METHODOLOGY %\Y.
-\
<

3.1 Introduction

This research will be developed a technique to fabricate Bi>Tes- bﬁsed samples
using a hot press and its Seebeck coefficient properties will be ur aII i%d

large temperature differences. Two approaches to preparl ass of po de f&bnk‘%ﬁng

the samples are being discussed. An improvised desig m dﬁgber IS

Y-
restructured to withstand high temperatures to aII%Wreme tof (kﬁ icient (o)

properties under large temperature differences

[ %
The study has been categorize% main es s,as%o n in Figure 3.1 which are:

1) Fabrlcatlon o mo amples‘,z,\>

\
2) Constructi fh!te ?t'ur asurement device
3) Meas %F fS;e ec ffic
QI J v
>
e
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Figure 3.1: Flow Chart of research odologzl' .
N
Figure 3.2 shows the details flow chart of this‘@ m XQy. A%q‘fgtype ofa

high-temperature vacuum chamber will be de@ased 0 e im@‘dsed design to
ent o

allow measurement o at IAT. The improvﬁ th \ng.Q% desi as made in 2012

which has limitation was the heat rov@usedmeco ent @e the temperature of
h ? &
in terms.
\

540 K (Nadhrah MY, 2012). Therefor?&glml of replacing the heat flow

meter with materials that can hsta% high temper ures@ de.
4 ¢ &
At the same time s&were F‘rep y ca@a‘(ing the weight of powder needed

&
for desired compound ms 23‘% 'metl@s. The first method is the atomic mass
#
i

(AM) method whi@d on stoi
Si

e't'r)Q(r_yhe calculation of the mass of the materials.
The second me% ng th Ime raé\method (VR) based on density. The details of
each methoa%e discussed in the ne&é’ubtopic. Finally, the measurement of a under 1AT

and sAT e made and compared. After that, the samples were fabricated using a hot

press different temperatures, pressure and pressing times.
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0‘% fzigure 3.2: Details Flow Chart of the 3 main processes
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3.3 Construction of High-Temperature Vacuum Chamber Apparatus

In 2012, an apparatus to measure the performance of single and md
thermoelectric material has been developed. This apparatus was prov %ve the
ability to measure ZT using the open-short circuit method for samples a&and large
temperature differences. It can also use to measure the therm% properties of
samples at high temperatures. However, at temperatures abo?@ K the heat flow

meter (brass) tends to be bent (Nadhrah M. Y., 2012 S, in'this study, the

improvement of the previous design is done so that it,can operate at hi

The main concern of the new design is to mﬁpp?ra S

temperatures to measure Seebeck Coefficient. ThZefore, M of usi e brass rod

as a heat flow meter, tungsten was ch@pla
Desp oknawn as the hardest metal

melting point of all metallic element; et NQT &

peint an har&ﬁ_%~ metal properties are

(7]
characteristics that made tunN he sui aterj.&tﬁ'o use for this improvised
N

apparatus. Table 3.1 shews several other ap afu@t will be used in the improvise
i

Oﬂdﬁ‘\c y g@W/ch which is lower than copper
(4 W/icmK), hov@vgs l is well kn@n the industry to have high electrical

conductivity (@}8% afd t })idheSéleting point of all metals (3695K). Figure
t @

3.3 shov@&idefviuv%
u

therm wires outside the \L@{l—um chamber (Figure 3.4). Meanwhile, Figures 3.5

ungsten has the highest

below diamond. The highest

=D,

~—+.

apparatus. Although.,its thermal

Y m chamber as well as the pressure meter and
a &gshow the design and set-up of the apparatus in the chamber with thermocouples

ched to the apparatus inside the vacuum chamber. Moreover, the real situation of
Qp

aratus setup with sample can be seen in Figure 3.7.
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Table 3.1: Improvise Apparatus Design

APPARATUS

QUANTITY

il

Vacuum chamber

1

Vacuum pump

Thermocouples

Data logger

Multimeter

Cartridge Heater

ld/4

e
Copper block % 0’)’[ ’é\
\7& I
Tungsten heat flow | 9
Fl—th%v :bj"<§ .1
& ¢
Power slipp {Q 1
' Dy %(.z
O
VAR
3
L



39
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Figure 3.7: Real picture compared to the sketch design
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The measurement of voltage for Seebeck is using a multimeter where the
arrangement of wire is shown in Figure 3.8. The copper wire is connecte
multimeter through a feedthrough located at the back of the chamber. V@tﬁ};w is
used as the cold side of the arrangement. Before the process of measur begin, the

standard operating procedure (SOP) of the chamber needs to be follo

i

:@V

)

YA
$

q
] N
Figure 3.@rra ement We{fg@ebeck measurement

:
&
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3.3.1 Standard Operating Procedure (SOP)

The newly improvised apparatus that has been developed need to fo%iome

procedure to be operated. This is crucial to make sure that the apparatus S‘@ed for

a long period. Therefore, a standard operating procedure (SOP) has been created for this

chamber usage. The SOP implementation before and during the % this apparatus

are as below: Yv
1. Setting sample, probe and thermocouples properly: |l\d
2. Test water flow by opening the chiller valve. :
3. Clear all the bubbles in the cooler. % 2
4. Make sure there is no leakage. T
5. Close the chamber door. %\/

43



The SOP of the apparatus after completing the measurement of thermoelectric materials

are shown below: Yv
1. Once the chamber is vacuumed to maximum pressure, open all s%)acuum

door stoppers.

2. Turn off the heater switch, and cool the chamber until reac%; temperature.
3. Turn off the vacuum pump. Yw

4. Start venting, open the venting pump.

5. Once it achieved atmospheric pressure, the daor willbe opened ® Y-
N
|9
0 4
<
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3.4 Samples

Thermoelectric samples used in this study were doped with Bi;Tes- and %Te-
based materials. The sample was constructed into thermoelement samplei owder

raw material. The measured powder was hot-pressed at different pressure, temperature

and holding times. There were 8 samples (A-H) prepared for t%gy as shown in

Table 3.2. T
'ES

Table 3.2 shows that there are 2 n-type target ¢ ion sampl

L 2
Bi>Tez7Seos, n-PbTeosSeo2 and 2 p-type target composition sampl v’hic YE p-
Y
g t

BiosTe1sSes and p-PbosSnosTe. both types under press dera presiure of 13
N

MPa and 20MPa. For Bi;Tes-based sample%zmper \eduringh\gg?ess is set at

473 K due to its low melting point, rra\er, PbTe-hase sambléqare set to 493 K
and 523 K for 13 MPa and 20 MPa Espectl el \T A

ich are n-
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Table 3.2: Types of samples and hot press specification.

46

Target
Samples Compositions Type Place
A Bi2Te27Se03 n-type USIM 13 Mpa
T:473K
H: 17 min
B Bi,Te27Se03 n-type UM' Pﬁg%ﬁf
H: 30 min
C BiosSbisTes p-type IM'\ \ili’?'\;‘:(a
' 2 179mi

id - A
D BiosSbisTes p-ty UL,M P 473 ‘:(a
j 30 min

\ v i

P: 13 Mpa
= PhTeosSeo2 L T:493K
H: 17 min
F PbTeosSeo2 P}?gz'\é'ﬁf
H: 30 min

P:13 M
G Pby.S g LS e
Y’v H: 17 min

P:20M
: %“Te\' T: 523 I{|)<a
‘K\ '\ H: 30 min
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3.4.1 Samples Fabrication using Atomic Mass (AM) Method

Thermoelements were constructed from raw powders in bulk. Initially, the re@e
of thermoelements samples was a cube with dimensions 0.4 x 0.4 ¢ \%/arious
thicknesses of 0.2 — 0.4 cm. The samples were developed by usin acy%er mould
with a diameter and height of 2.5 cm and 5.0 cm respectively ashw in Figure 3.9.

Meanwhile, Figure 3.10 shows the mould that is used in fabricwg-bhe samples.

5.0cm

Figure 3.9:
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In this study, the fabricated samples were measured using 2 methods which are
atomic mass (AM) and volume ratio (VR) methods. Figure 3.11 shows a flow
a process for each material calculated using the atomic mass (AM) @ To
determine the mass of each raw material, the total molecular weight ompound
was determined based on the ratio of the composition of targeted st@ichiometry. To
estimate compound density, the percentage of each compositionwulated based on
the molecular mass of the compound. From the estimated Y; 1ensity, the mass
of the compound is calculated with the given expecte e of, aw‘e mass of
raw powder for each material can be determined the calculated 'n@?the
N~

compound. P 4

Since in calculation expected the volu Msam
on the size of the mould used. The nﬁed in thi
therefore the required volume of %equi \r i
eg. 3.1. \‘é ¥

af

is can be‘ealculated based

=
w

48



For example, the required height of the n-type PbTeosSeo2 sample is 0.4 cm, with the

diameter of the mould being 2.5 cm so, the required volume would be 1.96 cm’Yv

%
Composition
of each
material

Total
molecular
molar mass
of
compound

compound
density

Mass of each

raw powders

Figure 3.11: FIO\tforato i NT\/I

N,
X
7
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For further explanation, preparation of sample n-PbTeo.sSeo2 using method AM

was selected. Table 3.3 shows the calculation starts by calculating the total m r

molar mass of n-PbTeosSeo2. To calculate this atomic mass of each m@w the
composition will be multiplied by its stoichiometry ratio. A

Table 3.3: Calculation of molecular molar mass¢or & e0.85€0.2 sample.
|

Atomic Mass
Materials (g/mol)
207.2
Lead (Pb)
127.6
Telluride (Teos)
78.96

Selenide (Seo.2)

From the calculated thlecj mass,‘\ée percentage of composition

for each material was% ed. The cal Iaﬁo@ percentage composition can be
s 2
i Gf-edth m éﬁ{

calculated from thewlc mi $ composition divided by the total

molecular molaimasswef th ' d asci%(wn in Table 3.4.

(a)
S
S
N)
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Table 3.4: Calculation percentage composition of n- PbTeo gSeo.2 sample. i

Materials

Atomic Mass

Composition (g/mol)

% Composition = (ato rrx
composition/ total moleculas molar

mass) ?

Lead (Pb)

207.2x1=207.20

Telluride (Teos)

127.6 x 0.8 = 102.08

Selenide (Seo.2)

78.96 x 0.2 =15.79
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Table 3.5: Estimated compound density of compound PbTeosSeo.2.

Density Estimated Compound Density (g/cm?) = Yh

Materials
(g/cm?) (material density x %ocomposition) c\
11.34 A

Lead (Pb)

524 (11.34 x 0.64) + (6.24 x 0.31) + %_"

Telluride (Teos) 9.43

481 z
Selenide (Seo.2) '
L\d
L ]

Thus, the mass of the compound is calculated ba@ formu Jn ere the

volume needed is calculated using Eq. 3.1. f Y—

Mass of compound = Estimate % of co dx @&ume needed)

é\

oy
\% ' &

('Dz 'S
Therefore, the mass of eac ater de{ ined by % of composition x mass of
compound as s h@bl 6. &
e DL L
(a) P
& &
& R
)
Sk

“74

&45—«*

\O

53"—..14...
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Table 3.6: Mass for each material for sample n- PbTegsSeo.. \i
y =

% Mass of Material (g) h
Materials Composition | = (% Composition x mass of ﬁ%nd)

64x18.48 = 11. z
Lead (Pb) 64 0.64x18.48=1183 \,

0.31x18.48 =5.

Telluride (Teos) 31

0.05x18.48=0.9

Selenide (Seo.2) 5 E
P 4

To confirm this method, after the constructionof t

o)
w
—+
>
1r|>
U’
Z.
<
o
o
—
=4
>
@
o

from a constructed sample is measur comparing ope of size and total

mass with the required properties. dont W @cted sample, another
N

sample is constructed again wit sﬂyfb rec mi erefore, this new density

can be used to fabricate other st%ures nted s@ples. The measured mass and
VE

volume of the constru%%le are used célm@‘% the new density. For example,
s 2
the measured masqu/O urrl abricated sample are 17.65 g and 2.11 cm?®
respectively. Th{&the ensity ca&i&ted was 8.36 g/cm®. The new density of

!
¢
8.36 g/cm? is o the valu %T&Jgasity which is 8.16 g/cm?.

&8
&g

=y

3 ample Fabrication us% Volume Ratio (VR) Method

QE The second method used to fabricate samples using HP is the VR method shown

Figure 3.12. Meanwhile, based on volume preoccupied with the material is shown

L

below. The mass of materials needed to fabricate the samples is determined from the



density and size of the sample according to the formula: p = m/v; where density, p and
volume, v of the sample. Since the samples are made from a different composw
materials. The calculation of amount of powder needed is shown by ca@ the
density of the mol compound before determining the mass of eac ial at the

expected volume. The mass of the compound per 1 cm? is equal to ensity of the

mol compound. V

For example, the density of n-PbTeosSeo.» calculated fro in Table
3.7 which is equal to 8.65 g/cm?®. Calculated from the tota pour%is 2
,‘e N
with each material having a different ratio to for 0 ,‘tg:f?nd the
e to

compound.

Density
of
materials

Total mass of
compound from
expected volume

q@ss of each

aw powders
&
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Table 3.7: Density of the compound PbTeo.gSeo.Aj

Materials

Density

(g/cm?)

cm

Volume per 1 cm?® v Mass per 1

1
Total ratio of

(p = m/v)

Lead (Pb)

11.34

cm® (g)
3
X Ratio of eac cowwn)
compound |
by 134 g
; 3

U=
ik
X
4”
e
a*q}:;"
5 9
3

Telluride

(Teos)

6.24

Selenide

(Seo2)

4.819

X 0.1 cm3

= 0.48

The total
mass/1 cm®

=8.65
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The mass of each material for a given volume obtained using the given density that has
been calculated. The required volume of the sample is 1.72 cm?® as shown in .

Therefore, the mass of the compound of n-PbTeosSeo.» required for the a@nple

size is calculated as: ‘\

Total mass X'
Mass of compound m = ————— 3.2
f p E XV am')le (3.2)

— 188 X
&Y
bl

The calculated mass required to fo Dsamp s shown ir@able 3.8.

7]
X S

| O

Table 3.8: Mass Tequired 1{ rh'I;QLeosSeo.z using ratio method.

f==-- )

N <
Matgiials | 5 Powder mass (g)
\ 5 ’[l O
(Q ’ e
@a’ Pb) / ? S, 1488g
s : 2
» #3857 ~
Telluride (Teos) \":}' 5 x 0.8 =5.95
887 -
Selenide (Seo.2) 5 x 0.2 =149
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After the raw powder was successfully measured using both methods, the powders
were then mixed by hand stirring before the hot-pressing process take place in2 t
places. There were 2 types of hot press used in this study which are at UKM(Fi 13)
with the ability of pressure 20 MPa pressure and at USIM with 13 MAgsure. The

hydraulic hot press in UKM is a manually hydraulic hot press mach% while the hot

press from USIM (Figure 3.14) is the automatic machine in w e pressure was
fixed.

The setting temperature of the hot press in USIM for
samples were 473 K and 493 K respectively. T: m eratur us we’s bél?w the
melting point of the doped element which is 4 r sel (Se) and

tim;s i

tin (Sb) respectively. The holding time for, W SIM a UKM differed

because of the mould used. Initially, th g t|me for pres;@ process would be
the same in both USIM and UK i\e cd)tding time of 17 minutes
0

at USIM due to the mould b& bentbefore each n,g, he 30 minutes of holding

time
CQ '\}
The size and mass of ess( 35. ﬁfos (Figure 3.15) were then measured
and the density N lat |ckne§ samples was measured using a digital

vernier calhp@n in Pig 3‘-1.6 @I-(ﬁ)error of physical characteristics between

constru Ies }v h the r qt@ characteristics was calculated and shown in

pt 4. addltlon the sam were then sent to Chemist Laboratory in USIM to

t:Ner composition using E&
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Figure 3.14: Hot Press machine in USIM.
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3.5 Measurement

All successfully fabricated samples were then measured for their ther%ictric
e

properties. The properties are electrical resistivity, Seebeck coefficient aﬁt

and

small temperature difference (AT) and last but not least its compositions. Table 3.9
shows the types of equipment used for these measurements. V
Table 3.9: Types of equipment for therm tric mea gt
A" ad

Equipment

'Li on

Hot Press USIM (Scientific

Purpo

LabTech) Fabrication .i \ @rand UKM
Hot Press UKM (Custom N °\
hydraulic press) % Y
4-point Probe \ U
Eléctrical Resi \y\$ /‘\& USIM
(Jandel RM3000+) G}
"« &
N
Hot Probe Setup ent a{th and high
% USIM
(Home-made setup |
L &
o
High-Tempera M:uum' icient at  high
Chamber(lw desi erat(?js
% K ,C')
S >
EDS (JoelNSM-7800F Se&?IeCompositions USIM
Ny
A Al
-
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3.5.1 Energy Dispersive Spectroscopy (EDS)

The material composition of samples is analysed using an EDS w.
Scanning Electron Microscope (SEM) is used in combination with ED t%ure an
image of the sample’s surface using an electron beam. This comme%quipment
analysed the amount of elemental composition located at the surface. Wn addition, the
identification of elements in the samples is obtained. This meawunt was done by an
expert to ensure that the results are in the best condition. l

. .

| &
P 4

3.5.2 Seebeck Coefficient \,T
-setyf uipment. This

fs n@s under large and

oE:)éCopper block, cartridge

Seebeck coefficient of the samplesfis ure

self-setup equipment measured the % cogffici

small temperature differences. s‘eaiprge%s
o

heater, K-type thermocoupl er supphy, th moegw ¢ module, multimeter and
N

PicoLog data logger. The@emew qui t is shown in Figure 3.17. To

reduce heat loss to surrounding aroun afmples, the wool insulator is used to cover

up the samples.l&\ Q 40%

N
\ e _ :
On th% ide Jof the pper ﬁmck, the cartridge heater is connected to a
@
transfo a ca?r ulate t
3, ;

the transformer is set to 25 V(‘) ich results in the heater being 310 K after several
N

MS. Later, the voltage is increased to 100 V, and then the temperature of the
ater is measured when it reaches stability in about 30 minutes to 1 hour in each
increment. A k-type thermocouple is used to measure temperature for both sides of

the copper block. The thermoelectric sample was situated in between the copper

e heater's voltage supply. For example, the voltage on

61



block, and the cartridge heater was located on the top side of the copper block which
determined the hot side of the block. As for the cold side, the thermoelectric?ﬂe
was used for the Seebeck measurement under a small temperature dif% The

insulator cotton wool was used surrounding the samples to prevent 0ss to the

surrounding. All measurements are recorded in Chapter 4. Q '

Seebeck coefficient under large temperature differewb compared to the

measurement using high-temperature vacuum chamk@ﬁ. Tris is to study the
effect and difference of Seebeck value between both apparatuses. \do

Kl
X
Copper block 0\ é
(Hot side) O<§
K-type l{ Ca\lage$ea ;‘K&

thermocouple

Qc Thermoelectric Module Copper block
K-ty 1 (Cold side)

t&mc le \;?V '
\ Héat Sink
&

Figure 3.17: Self-setup apparatus for Seebeck coefficient
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3.5.3 Electrical Resistivity

The electrical resistivity of samples was measured using a 4-point pro&&ndel

RM 3000+) shown in Figure 3.18. This equipment is used to measuritke)ctrical

resistivity at the surface of a sample. The surface of the samples was poliShed using
sandpaper before putting it under 4-point probe apparatus. The pglish step is to remove
the oxidation layer that occurred on the surface of sampl re the electrical
resistivity measurement can be done, a 4-point probe needlg neegs t d)uch the surface
of the sample as shown in Figure 3.19 so that the current caiwbe i he saq:.ple.
- - -
Adjustment of the height of the probe needs to b in every meaSure entfor each

s X
remen@ds repeated

sample due to the different thicknesses of the saw!!. Théwmea

3 times for each sample to get the avera%Wureman. cur(rz supply of this

equipment is limited to 100 mA. \ O

\? &.\

During the sample placemenE, gqu'@ment i&et to &?ndby mode so that there
U %

is no current flow. Subsequentw urrMed I&‘I’O mA then sheet resistance,

N

Rs of sample is measur, wh% appearld asR/sq @lit of Q/sq. The bulk resistivity

can then be is calculw ifg t ﬁq‘f& n 3.§.®dw:
Bulk Resistivi@

S

 H (@ *x Resistance, Rs (%) (3.3
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